Summary
Two experiments were performed to evaluate the effects of feeder design (conventional dry feeder vs. wet-dry feeder) and adjustment on growing-finishing pig performance. In both experiments, all pigs (PIC 337 × 1050) were fed the same corn-soybean meal diets with 15% dried distillers grains with solubles (DDGS). In Exp. 1, 1,296 pigs (initially 43 lb) were used in a 69-d study. From d 0 to 27, 3 feeder settings were evaluated for each feeder type. Numbered settings (located in each feeder) were 6, 8, and 10 for the conventional dry feeder and 6, 10, and 14 for the wet-dry feeder. An increased setting number corresponded to a greater opening. From d 27 to 69, all feeders were adjusted to an opening of approximately 1 in. (conventional dry feeder setting 8; wet-dry feeder setting 14). From d 0 to 27, pigs using a wet-dry feeder had lower (P < 0.02) ADFI and better F/G than pigs using a conventional dry feeder. Increasing the feeder setting improved (linear, P < 0.01) ADG, ADFI, and d-27 BW of pigs using a wet-dry feeder and increased (linear, P < 0.01) ADFI of pigs using a conventional dry feeder. From d 27 to 69, ADG and ADFI of pigs using a wet-dry feeder were greater (P < 0.01) than those of pigs using a conventional dry feeder, and increasing the feeder setting from d 0 to 27 resulted in greater (linear, P < 0.01) ADFI and poorer F/G for pigs using a wet-dry feeder. Overall (d 0 to 69), pigs using a wet-dry feeder had greater (P < 0.05) ADG, ADFI, final BW, and better F/G than pigs that used a conventional dry feeder. Increasing the feeder setting of a wet-dry feeder from d 0 to 27 resulted in greater (linear, P < 0.01) ADG and ADFI, poorer (linear, P < 0.03) F/G, and heavier (linear, P < 0.01) final BW. Feeder setting of a conventional dry feeder from d 0 to 27 did not affect overall performance. In Exp. 2, 1,248 pigs (initially 73 lb) were used in a 93-d study. Three feeder settings were evaluated throughout the study for each feeder type (conventional dry feeder set at 6, 8, and 10; wet-dry feeder set at 10, 14, and 18). Overall, pigs using a wet-dry feeder had greater (P < 0.05) ADG, ADFI, final BW, HCW, backfat depth, and feed cost but reduced (P < 0.04) fat-free lean index (FFLI) compared with pigs using a conventional dry feeder. Increasing the feeder setting of a wet-dry feeder resulted in greater (linear, P < 0.05) ADG, ADFI, final BW, HCW, backfat depth, and feed cost. When HCW was used as a covariate, FFLI of pigs using a wet-dry feeder decreased (linear, P < 0.02) with increased feeder opening. Increasing the feeder setting of a conventional dry feeder had no effect on growth performance and carcass characteristics. In conclusion, the growth rate of pigs improved with a wet-dry feeder compared with a conventional dry feeder; however, the growth of pigs using a wet-dry feeder was more sensitive to differences in feeder adjustment.
Introduction
Previous research at Kansas State University (Bergstrom et al., 2008 3 , 2009 4 ) has demonstrated that using a wet-dry feeder increases the feed intake and growth rate of finishing pigs. However, pigs using wet-dry feeders in some of our recent studies have also had poorer feed efficiency. The differences in feed efficiency responses between some experiments are of concern because the additional feed cost associated with poorer efficiency may eliminate the benefits of faster growth.
Several factors may be responsible for the different feed efficiency responses among experiments. Generally, the feed efficiency differences have been most apparent during later feeding periods, and the recent studies were initiated with lighter pigs and concluded at heavier weights than earlier studies. Therefore, differences in final BW between pigs fed using conventional dry and wet-dry feeders have been greater in the most recent studies. The carcass data from some of our recent experiments indicate that pigs that are heavier from using a wet-dry feeder may also have greater backfat depth (Bergstrom et al., 2008 3 ; 2009 4 ).
Few studies have reported effects of feeder adjustment on the growth performance of growing pigs. Using the same conventional dry feeder used in our recent experiments, Duttlinger et al. (2008 5 ) observed linear improvements in ADFI with increasing feeder opening and tendencies for quadratic improvements in ADG and F/G. These effects were the same for a corn-soybean meal diet and a corn-soybean meal diet with 15% DDGS and 5% bakery by-product. The effects of adjustment of wet-dry feeders on growth performance of growing pigs have not been reported.
Therefore, the objective of this research was to compare the effects of conventional dry and wet-dry feeders with various feeder settings on the growth performance and carcass characteristics of growing-finishing pigs.
Procedures
Procedures used in the experiments were approved by the Kansas State University Institutional Animal Care and Use Committee. The experiments were conducted at a commercial research finishing facility in southwestern Minnesota. The facility was double-curtain sided, with pit fans for minimum ventilation and completely slatted flooring over a deep pit for manure storage. Individual pens were 10 × 18 ft. One half of the pens were equipped with a single 60-in.-wide, 5-hole conventional dry feeder (STACO, Inc., Schaefferstown, PA) and a cup waterer in each pen. The remaining pens were each equipped with a double-sided wet-dry feeder (Crystal Springs, GroMaster, Inc., Omaha, NE) with a 15-in. feeder opening on both sides that provided access to feed and water. Each pen equipped with a wet-dry feeder also contained a cup waterer, but the cup waterers were shut off during the experiment. Therefore, the only source of water for pigs in these pens was through the wet-dry feeder.
Experiment 1
A total of 1,296 pigs (PIC 337 × 1050, initially 42.8 lb) were used in a 69-d experiment to evaluate the effects of feeder design (conventional dry vs. wet-dry feeder) and initial feeder adjustment on growing-finishing pig performance. Three feeder adjustment settings were evaluated for each of the 2 feeder types from d 0 to 27. Pigs were randomly placed into pens of 27; each pen had 14 barrows and 13 gilts. Pens of pigs were weighed and allotted to the 2 feeder types and 3 initial feeder settings within each feeder type. There were 24 pens per feeder type and 8 pens for each of the 3 feeder settings within each feeder type. All pigs were fed the same corn-soybean meal diets containing 15% DDGS during 2 dietary phases in the experiment ( Table 1 ). The first diet phase was fed from d 0 to 39, and the second diet phase was fed from d 39 to 69.
The 3 settings used for the wet-dry feeders were the numbered adjustments of 6, 10, and 14 located on the adjustment mechanism inside each end of the feeder (Figures 1 to  3) . The 3 settings used for the conventional dry feeder were the numbered adjustments of 6, 8, and 10 located on the adjustment mechanism inside each end of the feeder (Figures 4 to 6).
On d 19, measurements of the actual feeder opening were obtained for all feeders. For the wet-dry feeder, the mean gap opening was determined with two measurements (one from each side of the feeder) from the top of the feeder shelf to the bottom edge of the feed storage hopper. A digital photo of the pan/trough of each feeder was also taken on d 19. Afterward, the pictures were independently scored for percentage of pan coverage by a trained panel of 6 people. The mean pan coverage score of each feeder was used to determine the relationship between feeder opening and percentage of feed coverage in the pan.
On d 27, both feeder types were adjusted to a targeted feeder opening of approximately 1 in. (setting 8 for the conventional dry and setting 14 for the wet-dry) for the remainder of the experiment.
Data were analyzed to compare the effects of the 2 feeder types (wet-dry vs. conventional dry) and 3 initial feeder settings nested within each feeder type by using a completely randomized design and the PROC MIXED procedure of SAS (SAS Institute, Inc., Cary NC). Pen was the experimental unit.
Experiment 2
A total of 1,248 pigs (PIC 337 × 1050, initially 73.0 lb) were used in a 93-d experiment to evaluate the effects of feeder design (conventional dry vs. wet-dry feeder) and adjustment on growing-finishing pig performance and carcass characteristics. Three feeder adjustment settings were evaluated for each of the 2 feeder types throughout the experiment. Pigs were randomly placed into pens of 26; each pen had 13 barrows and 13 gilts. Pens of pigs were weighed and allotted to the 2 feeder types and 3 feeder settings within each feeder type. There were 24 pens per feeder type and 8 pens for each of the 3 feeder settings within each feeder type. All pigs were fed the same corn-soybean meal diets containing 15% DDGS during 4 dietary phases in the experiment ( Table 1) .
The 3 settings used for the wet-dry feeders were the numbered adjustments of 10, 14, and 18 located on the adjustment mechanism inside each end of the feeder (Figures 2, 3, and 7). The 3 settings used for the conventional dry feeder were the numbered adjustments of 6, 8, and 10 located on the adjustment mechanism inside each end of the feeder (Figures 8, 9 , and 6).
On d 41 and 84, measurements of the actual feeder opening were obtained, and a photo of the pan/trough of each feeder was taken. As in Exp. 1, the pictures were scored for percentage of pan coverage, and the relationship between feeder opening and feed coverage of the pan was determined.
Data were analyzed to compare the effects of the 2 feeder types (wet-dry vs. conventional dry) and the 3 feeder settings nested within each feeder type by using a completely randomized design and the PROC MIXED procedure of SAS. Pen was the experimental unit. The carcass data were analyzed with and without using the ending HCW as a covariate.
Results

Experiment 1
The mean opening of the conventional dry feeder was greater (P < 0.01) than that of the wet-dry feeder on d 19 (Table 2 ). However, the mean percentage of pan coverage of the conventional dry feeder was less (P < 0.01) than that of the wet-dry feeder. The openings of both feeder types increased (linear, P < 0.0001) with greater feeder adjustment setting. The openings achieved were 0.59 to 0.81 in., 0.80 to 1.07 in., and 1.09 to 1.35 in. for the conventional dry feeder settings of 6, 8, and 10; and 0.50 in., 0.75 in., and 1.00 in. for the wet-dry feeder settings of 6, 10, and 14, respectively. The percentage of pan coverage of the conventional dry feeder increased (quadratic, P < 0.01) with greater feeder setting, as did that of the wet-dry feeder (linear, P < 0.001).
From d 0 to 27, pigs using the wet-dry feeder had decreased (P < 0.02) ADFI and better F/G than pigs using the conventional dry feeder ( Table 2 ). Increasing the feeder setting of the wet-dry feeder increased (quadratic, P < 0.02) ADG, ADFI, d-27 BW, and feed cost per pig. Increasing the feeder setting of the conventional dry feeder also increased (linear, P < 0.01) ADFI.
After all feeders were adjusted to a common opening on d 27, ADG and ADFI of pigs using the wet-dry feeder were greater (P < 0.0001) than those of pigs using the conventional dry feeder from d 27 to 69. Also, increasing the feeder setting of the wet-dry feeder from d 0 to 27 resulted in increased (linear, P < 0.0001) ADFI and poorer F/G from d 27 to 69.
Overall (d 0 to 69), pigs using the wet-dry feeder had greater (P < 0.05) ADG, ADFI, final BW and feed cost per pig and poorer F/G than pigs using the conventional dry feeder. Increasing the feeder setting of the wet-dry feeder from d 0 to 27 resulted in greater (linear, P < 0.0001; quadratic, P < 0.02) ADG and ADFI, poorer (linear, P < 0.03) F/G, and increased (linear, P < 0.03) final BW and feed cost per pig. Increasing the feeder setting of the conventional dry feeder from d 0 to 27 had no effect on overall performance.
Experiment 2
The mean openings of the conventional dry feeder and wet-dry feeder were similar on d 41 and 84 (Table 3 ). The openings of both feeder types increased (linear, P < 0.001) with greater feeder adjustment setting. The openings achieved were 0.58 to 0.82 in., 0.83 to 1.12 in., and 1.10 to 1.36 in. for the conventional dry feeder settings of 6, 8, and 10; and 0.75 in., 1.00 in., and 1.25 in. for the wet-dry feeder settings of 10, 14, and 18, respectively. The percentage of pan coverage for both feeder types increased (linear, P < 0.001) with greater feeder setting on both d 41 and 84. However, the mean percentage of pan coverage of the conventional dry feeder was less (P < 0.02) than that of the wet-dry feeder on d 41, but they were not significantly different on d 84.
Overall (d 0 to 93), pigs using the wet-dry feeder had increased (P < 0.05) ADG, ADFI, final BW, HCW, backfat depth, and feed cost per pig but reduced (P < 0.04) fat-free lean index (FFLI) compared with pigs using the conventional dry feeder. Neither feeder type nor adjustment influenced overall feed efficiency. Increasing the feeder setting of the wet-dry feeder also resulted in increased (linear, P < 0.05) ADG, ADFI, final BW, HCW, backfat depth, and feed cost per pig. Additionally, when HCW was used as a covariate, the FFLI of pigs fed with a wet-dry feeder decreased (linear, P < 0.02) with increased feeder opening. However, increasing the feeder setting of the conventional dry feeder had no effect on growth performance and carcass characteristics.
Discussion
In Exp. 1, pigs using a wet-dry feeder had increased ADG, ADFI, final weight, and income over feed cost. These results agree with those observed in our first 69-d experiment (Bergstrom et al. 3 ). However, when the wet-dry feeder was adjusted to a feeder setting of 6 for the first 27 d, ADG, ADFI, and F/G were lower than those of pigs using a wet-dry feeder with a greater initial opening and pigs using the conventional dry feeder at any of the 3 initial settings. Because the feeder opening of the wet-dry feeder with a setting of 6 was frequently found to be plugged during the first 10 d of the experiment, feed intake and growth were considerably lower for these pigs than for pigs in all of the other treatments during the first 27 d. This also resulted in lower feed intake for these pigs during the remainder of the experiment. Although these pigs' ADG and F/G improved when their feeders were changed to a setting of 14 on d 27, they were unable to fully compensate for the reduced growth that was observed in the initial 27-d period.
The lack of a negative feed efficiency response with the wet-dry feeder in the current experiment is likely associated with the tighter feeder settings tested. Our earlier experiments comparing the wet-dry and conventional dry feeders used an initial wet-dry feeder setting of 18 (recommended by the manufacturer) and a conventional dry feeder setting of 8.
Similar to the observations reported by Duttlinger et al. (2008 5 ), ADFI from d 0 to 27 increased as the feeder opening of the conventional dry feeder was increased. However, the magnitude of this response was not as great as that achieved by increasing the feeder opening of the wet-dry feeder, despite the relatively equal incremental changes in the mean feeder opening. This result is likely due to the larger openings tested for the conventional dry feeder, the frequent plugging of the wet-dry feeder at the lowest feeder setting, the range of opening provided by the agitation plate within each setting of the conventional dry feeder, and the fact that the conventional dry feeders provided twice the amount of feeder space.
Regardless of the differences in ADFI, there were no differences in ADG and F/G among the different feeder openings evaluated for the conventional dry feeder. The absence of a significant ADG and F/G response to the increased feeder opening of the conventional dry feeder during the first 27 d of this experiment might also be related to the lower voluntary feed intake relative to the experiments of Duttlinger et al. (2008) . The pigs in the present experiment were initially 42.8 lb, whereas Duttlinger et al. (2008) initiated their experiments with pigs weighing 77.3 lb and 129.0 lb. The F/G of pigs using the conventional dry feeder at the greatest opening was numerically poorer during the initial 27 d of our experiment, suggesting that some of the feed intake response was feed wastage.
As in previous experiments, ADG, ADFI, and final BW were improved with the wetdry feeder in Exp. 2. As in Exp. 1, increasing the feeder opening of the wet-dry feeder resulted in linear improvements in ADG, ADFI, and final BW. However, F/G of pigs using the wet-dry feeder was only numerically worse than that of pigs using the conventional dry feeder when the wet-dry feeder was adjusted to the widest setting of 18. Increasing the feeder opening of the conventional dry feeder did not significantly affect pig performance. A significant observation from these studies is that income over feed cost was numerically greater with a wet-dry feeder when calculated on a live-BW basis (Exp. 1) but numerically lower when pigs were fed to a heavier BW and determined on a carcass basis using a lean premium/discount (Exp. 2). Although overall F/G was not significantly different between feeder types in Exp. 2, the greater ADG and final BW of pigs fed with a wet-dry feeder was the result of greater ADFI and total feed cost per pig. Also, pigs using a wet-dry feeder had greater backfat depth, and ADFI, total feed cost per pig, and backfat depth all increased linearly as the wet-dry feeder setting increased. The differences in backfat depth and FFLI between pigs fed with the 2 feeder types remained when HCW was used as a covariate for carcass data analysis, and FFLI decreased linearly as the wet-dry feeder setting increased.
In conclusion, compared with a conventional dry feeder with water provided separately, the wet-dry feeder improved ADG, ADFI, and final BW of growing-finishing pigs. However, a wet-dry feeder with an initial feeder setting less than 10 resulted in reduced growth performance. Feed intake and growth of pigs using a wet-dry feeder were more sensitive to differences in feeder opening and increased with greater feeder opening. The increased feed cost associated with the greater feed intake from the wet-dry feeder eliminated any net benefit from achieving a heavier final BW. Producers who want to benefit from the improved pig growth rate observed with a wet-dry feeder should determine the net benefit of achieving an optimal market weight in fewer days to market and the associated improvements in throughput and facility utilization. 
